


EPA/626/i-911024 
October 1991 

Manual 

Alternative Wastewater 
Collection Systems 

U.S. Environmental Protection Agency 

Office of Research and Development 
Center for Environmental Research Information 

Risk Reduction Engineering Laboratory 
Cincinnati, Ohio 

Office Of Water 
Office of Wastewater Enforcement and Compliance 

Washington, DC 

@ Pfinfed on Recycled Paper 



This document has been reviewed in accordance with the U.S. Environmental Protection Agency’s peer and 
administrative review policies and approved for publication. Mention of trade names or commercial products does not 
constitute endorsement or recommendation for use. 



Confenfs 

OVERVIEW OF ALTERNATIVE CONVEYANCE SYSTEMS 

1.1 Introduction ............................................................................................................................. 1 
1.2 Pressure Systems ................................................................................................................... 3 
1.3 Vacuum Systems .................................................................................................................... 7 
1.4 Small Diameter Gravity Sewers ............................................................................................. 22 
1.5 Comparison with Conventional Collection .............................................................................. 24 
1.6 References.. .......................................................................................................................... 25 

2 PRESSURE SEWER SYSTEMS 

2.1 Introduction ........................................................................................................................... 27 
2.2 Detailed System Plan and Elevation Views ............................................................................ 28 
2.3 Detailed Description of On-Lot System Components ............................................................. 30 
2.4 System Design Considerations .............................................................................................. 40 
2.5 Construction Considerations .................................................................................................. 76 
2.6 O&M Considerations ............................................................................................................. 79 
2.7 System Costs ....................................................................................................................... .84 
2.8 System Management Considerations .................................................................................... 88 
2.9 References.. .......................................................................................................................... 90 

VACUUM SEWER SYSTEMS 

3.1 Introduction ........................................................................................................................... 93 
3.2 System Plan and Elevation Views.. ........................................................................................ 95 
3.3 Description of System Components ....................................................................................... 95 
3.4 System Design Considerations ............................................................................................ 102 
3.5 Construction Considerations ................................................................................................ 131 
3.6 O&M Considerations ........................................................................................................... 136 
3.7 Evaluation of Operating Systems.. ....................................................................................... 141 
3.8 System Costs ...................................................................................................................... 147 
3.9 System Management Considerations .................................................................................. 153 
3.10 References .......................................................................................................................... 155 

4 SMALL DIAMETER GRAVITY SEWERS 

4.1 Introduction ......................................................................................................................... 157 
4.2 Description of System Components ..................................................................................... 157 
4.3 System Design Considerations ............................................................................................ 159 
4.4 Construction Considerations ................................................................................................ 172 
4.5 O&M Considerations ........................................................................................................... 175 
4.6 Review of Operating Systems ............................................................................................. 181 
4.7 System Costs ...................................................................................................................... 181 
4.8 System management Considerations .................................................................................. 191 

. . . 
Ill 



- Confenfs (continued) j 

Chapter Page 

. 

4.9 References . . . . . . . . . . . . . . . . . . . . ..)............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 191 

5 DESIGN EXAMPLES 

5.1 Pressure Sewer System ...................................................................................................... 193 
5.2 Vacuum Sewer System ....................................................................................................... 195 
5.3 Small Diameter Gravity Sewers ........................................................................................... 204 

.’ 

iv 



Figures 

Number Page 

l-l 
l-2 
l-3 
l-4 
l-5 
l-6 
l-7 
l-8 
l-9 
l-10 
l-11 
I-12 
l-13 
l-14 
l-15 
l-16 

2-l 
2-2 
2-3 
2-4 
2-5 
2-6 
2-7 
2-8 
2-9 
2-10 
2-l 1 
2-l 2 
2-13 
2-14 
2-15 

2-16 
2-17 
2-18 
2-19 
2-20 
2-21 
2-22 
2-23 
2-24 
2-25 
2-26 

Installation of pressure sewer main ...................................................................................................... 5 
Grinder Pump (GO) system ................................................................................................................. 6 
Septic Tank Effluent Pump (STEP) system .......................................................................................... 6 
Liljendahl-Electrolux vacuum system.. .................................................................................................. 8 
Vacuum toilet ................................................................................................................................... 8 
Colt-Envirovac vacuum system .......................................................................................................... 10 
AIRVAC vacuum system.. .................................................................................................................. 10 
Major components of a vacuum sewer ............................................................................................... 13 
AIRVAC valve pit/sump arrangement ................................................................................................. 14 
Upgrade/downgrade/level transport .................................................................................................... 15 
Diagram of a typical vacuum station ................................................................................................... 16 
Early design concept - reformer pockets ............................................................................................ 18 
Current design concept - pipe bore not sealed ................................................................................... 18 
Gravity sewer system example .......................................................................................................... 21 
Vacuum-assisted gravity sewer system example.. .............................................................................. 21 
Schematic of a SDGS system ............................................................................................................ 23 

Piping system appurtenances ............................................................................................................ 29 
Typical simplex GP package using slide away coupling and guide rails .............................................. 32 
Typical centrifugal GP package with pump suspended from basin cover ............................................ 33 
Duplex GP station .............................................................................................................................. 34 
Typical progressing cavity-type GP package ...................................................................................... 35 
Basic components of a progressing cavity grinder pump ................................................................... .36 
STEP pump in external vauit .............................................................................................................. 37 
Typical STEP package with internal pump vault ................................................................................. 38 
Head-discharge curves for typical GP and STEP systems ................................................................. 39 
Wastewater flows for one home ......................................................................................................... 42 
Required pumping rates using flows from Reference 11 .................................................................... .42 
Design flows ................................................................................................................................. 44 
Zoning of GP or solids handling pump vault ....................................................................................... 52 
Zoning of a STEP system interceptor tank showing scum and sludge accumulation ........................... 55 
Zoning of a STEP system interceptor tank showing liquid levels 
at pump off, on, and high-level alarm ................................................................................................. 55 
Two-compartment interceptor tank with hole in baffle wall where clear space expected ...................... 57 
Two-compartment interceptor tank using combination tee and l/4 bend ............................................. 57 
Multiple-unit interceptor tank and pump assembly .............................................................................. 58 
Headdischarge curves for one and multiple centrifugal pumps in parallel.. ......................................... 61 
Effective pump curve ......................................................................................................................... 62 
Rotor and cutaway stator of progressing cavity-type pump ................................................................. 63 
Typical progressing-cavity pump H-Q curve ....................................................................................... 64 
Circuit diagram of a basic 120~volt control panel ................................................................................ 66 
Wastewater-type air release valve ..................................................................................................... 68 
Basket strainer used with external pump vault.. .................................................................................. 72 
Multi-tray filter, used with external pump vault .................................................................................... 72 

V 



Figures (con timed) 

Number Page 

2-27 
2-28 
2-29 
2-30 
2-31 

3-l 
3-2 
3-3 
3-4 
3-5 
3-6 
3-7 
3-8 
3-9 
3-10 
3-11 
3-12 
3-13 
3-14 
3-l 5 
3-16 
3-17 
3-18 
3-19 
3-20 
3-21 
3-22 
3-23 
3-24 
3-25 

4-l 
4-2 
4-3 
4-4 
4-5 
4-6 
4-7 
4-8 
4-9 
4-l Oa 
4-l Ob 
4-l 1 
4-12 
4-l 3 
4-14 
4-l 5 
4-l 6 
4-l 7 

Outlet tee fiied with well screen ......................................................................................................... 73 
Mesh placed over inlet ports of internal pump vault ............................................................................ 73 
Fully-screened internal pump vault ..................................................................................................... 74 
Slotted pump vault ............................................................................................................................. 74 
Example lot facility plan ...................................................................................................................... 77 

Typical layout - vacuum sewer system ............................................................................................... 94 
Water sewer/vacuum system similarities ............................................................................................ 95 
Profile view of typical vacuum sewer line ............................................................................................ 96 
Plan and profile view - typical valve pit ............................................................................................... 97 
Auxiliary vent location ....................................................................................................................... .99 
Lift detail ................................................................................................................................. 99 
Line diagram of a typical vacuum station .......................................................................................... 100 
Vacuum lift capability ....................................................................................................................... 104 
Static loss determination .................................................................................................................. 104 
Top view of crossover connection .................................................................................................... 108 
Typical configurations for gravity connections .................................................................................. 110 
Typical fiberglass valve pit setting .................................................................................................... 111 
Shallow fiberglass valve pit setting ................................................................................................... 113 
Plan and elevation views of typical concrete buffer tank ................................................................... 1 I4 
Typical concrete dual buffer tank.. .................................................................................................... 115 
Model D arrangement with external breather .................................................................................... 117 
Model S arrangement - sump vented ............................................................................................... 118 
Early system external breather dial .................................................................................................. 119 
Early system external breather dial .................................................................................................. 120 
Auxiliary vent detail .......................................................................................................................... 121 
AIRVAC cycle counter - two methods of connection ......................................................................... 122 
Division valve with gauge tap detail .................................................................................................. 124 
Terminal access point detail ............................................................................................................. 124 
NPSHa calculation diagram with typical values ................................................................................ 127 
Typical elevations of level control probes ......................................................................................... 130 

Components of a small diameter gravity sewer (SDGS) system ....................................................... 158 
Typical pre-cast concrete interceptor tank ........................................................................................ 158 
Service lateral installation using a trenching machine ....................................................................... 160 
Typical combination cleanout and air release valve detail ................................................................. 160 
Typical STEP lift station detail .......................................................................................................... 161 
Alternative locations for interceptor tanks ......................................................................................... 165 
Typical interceptor tank outlet baffles ............................................................................................... 165 
Typical surge chamber detail ........................................................................................................... 166 
Interceptor outlet flow control device ................................................................................................ 166 
Typical cleanout detail.. .................................................................................................................... 168 
Typical cleanout detail.. .................................................................................................................... 169 
Ventilated cleanout detail ................................................................................................................. 170 
Australian boundary trap detail ......................................................................................................... 171 
Examples of drop inlets, external and internal .................................................................................. 173 
Soil odor filter detail ......................................................................................................................... 174 
Example of general easement .......................................................................................................... 176 
Mainline lift station with emergency storage ..................................................................................... 179 
Emergency pumping manhole .......................................................................................................... 180 

vi 



Figures (continued) 

Number Page 

5-l Example pressure sewer design ...................................................................................................... 194 
5-2 Design example layout ..................................................................................................................... 196 
53 Design example profiles ................................................................................................................... 197 
54 Design example profiles ................................................................................................................... 196 
5-5 Design example profiles ................................................................................................................... 199 
5-6 SDGS design example system profile .............................................................................................. 205 

vii 



Tables 

Number Page 

1-l 
l-2 
l-3 
l-4 

2-1 
2-2 
2-3 
2-4 
2-5 
2-6 

2-7 

2-8 
2-9 
2-10 
2-l 1 

3-1 
3-2 
3-3 
3-4 
3-5 
3-6 
3-7 
3-8 
3-9 
3-10 
3-l 1 
3-12 
3-13 
3-14 
3-15 
3-16 
3-17 
3-18 
3-19 
3-20 
3-21 
3-2 
3-23 
3-24 
3-25 

Vacuum Collection System Parameters .............................................................................................. 11 
Vacuum Station Parameters ............................................................................................................... 11 
Summary of Vacuum System Types ................................................................................................... 11 
Operating Vacuum Systems in the United States .............................................................................. .I9 

Approximate Main Sizes Required to Serve Number of Homes Shown .............................................. .46 
Typical Requirements for Separation of Pressure Sewer Lines from Water Lines .............................. .47 
Abbreviated Listing of PVC Pipe Dimensions ...................................................................................... 49 
Sludge and Scum Accumulation at Glide, Oregon .............................................................................. 54 
Typical Zoning Design For a 1 ,OOO-gal Interceptor Tank Serving a Single-Family Residence ............. .56 
Distribution of Causes for Call-Out Maintenance On Selected Grinder Pump 
Pressure Sewer Projects ................................................................................................................... .81 
Distribution of Causes for Call-Out Maintenance On Selected STEP 
Pressure Sewer Projects ................................................................................................................... .82 
Average Installed Unit Costs (mid-1991) for Pressure Sewer Mains and Appurtenances ................... .85 
Average Installed Unit Costs (mid-1991) for Grinder Pump Services and Appurtenances ................... . 
Average Unit Costs (mid-1991) for STEP Services and Appurtenances ............................................. .87 
O&M Cost Accounting Records for the Glide, Oregon Pressure Sewer System ................................. .88 

Recommended Lift Height ................................................................................................................ 104 
Main Line Design Parameters ........................................................................................................... 105 
Guidelines for Determining Line Slopes ........................................................................................... .I05 
Governing Distances for Slopes Between Lifts ................................................................................ .lO5 
Maximum Flow for Various Pipe Sizes.. ........................................................................................... .105 
Maximum Number of Homes Served for Various Pipe Sizes ............................................................ .I05 
Service Line Design Parameters ...................................................................................................... 108 
“A” Factor for Use in Vacuum Pump Sizing ...................................................................................... 126 
Discharge Pump NPSH Calculation Nomenclature ........................................................................... 126 
Values of V,, for a 15-Minute Cycle @ Qmi, for Different Peaking Factors ......................................... .I27 
Spare Parts List Per Every 50 Valves .............................................................................................. .I32 
Specialty Tools and Equipment for Collection Systems.. ................................................................... 132 
Speciatty Equipment for Vacuum Station .......................................................................................... 132 
Normal Operating Tasks and Frequencies ........................................................................................ 138 
Preventive Maintenance Tasks and Frequencies .............................................................................. 139 
Operating Systems Visited in 1989 ................................................................................................... 142 
General Information on Operating Systems ...................................................................................... 143 
Design/Construction Data - Collection System.. ................................................................................ 143 
Design/Construction Data - Vacuum Stations ................................................................................... 143 
O&M Data-General Information ....................................................................................................... .144 
O&M Data - Person-Hours/Year ....................................................................................................... 144 
O&M Data - Power Consumption/Year ............................................................................................. 144 
O&M Data - Mean Time BetweenService Calls ................................................................................ .I44 
Problem Classification ...................................................................................................................... 145 
Average Installed Unit Costs (mid-l 990) for Vacuum Sewer Mains and Appurtenances.. ................. .I48 

... 
VIII 



Tables (con timed) 

Number Page 

3-26 
3-27 
3-28 
3-29 
3-30 
3-31 
3-32 

4-l 
4-2 
4-3 
4-4 

4-5 
4-7 
4-7 
4-8 

5-l 
5-2 
5-3 
5-4 
5-5 

Average Installed Unit Costs (mid-1990) for Vacuum Pits and Appurtenances ................................. 148 
Average Installed Cost for Vacuum Station ...................................................................................... 149 
Typical O&M Cost Components ....................................................................................................... 150 
Person-Hour Estimating Factors ...................................................................................................... 150 
Vacuum Station Power Consumption Estimating Factors ................................................................. 151 
Typical Renewal and Replacement Factors for major Equipment ..................................................... 152 
Annual Budget Example.. ................................................................................................................. 153 

Summary of SDGS Projects Reviewed ............................................................................................ 182 
Summary of Interceptor Tank Characteristics Used in Selected projects .......................................... 184 
Summary of Collector Main Design Criteria Used in Selected projects.. ............................................ 185 
Comparison of System Component Use as a Function of Number of Conmnections 
or Feet of Collection Main Installed in Selected Projects.. ................................................................. 186 
Comparison of SDGS Construction Costs from Selected Projects .................................................... 187 
Comparison of Unit Costs of Components from Selected Projects.. .................................................. 188 
Summary of Component Costs from Selected Projects .................................................................... 189 
Summary of Component Costs (by percentage) from Selected projects ........................................... 190 

Design Example Line Loss Calculations ........................................................................................... 200 
Design Example Line Loss Calculations ........................................................................................... 201 
Design Example Piping Calculations ................................................................................................ 202 
Design Example Vacuum Station Calculations ................................................................................. 203 
Computations for SDGS Design Example ........................................................................................ 206 

ix 



Acknowledgments 

Authors: 
William C. Bowne, Eugene, OR 
Richard C. Naret - Cerrone & Assoc., Wheeling, WV (since 1991 - AIRVAC, Tampa, FL) 
Richard J. Otis - Owen Ayres & Associates Inc., Madison, WI 53704 

Peer Reviewers: - 
Paul Farrell - Environment/One, Schenectady, NY 
Donald Gray - West Virginia University, Morgantown, WV 26506 
Margaret Klepic - Ohio EPA, Columbus, OH 
Robert Langford - Airvac, Rochester, IN 
Charles Pycha - U.S. EPA Region 5, Chicago, IL 
James Wheeler - U.S. EPA-OW, Washington, DC 

Technical Direction/Coordination: 
James F. Kreissl - U.S. EPA-CERI, Cincinnati, OH 
Denis J. Lussier - U.S. EPA-CERI, Cincinnati, OH 
Charles P. Vanderlyn - U.S. EPA-OW, Washington, DC 

Contract Management: 
Arthur J Condren - James M. Montgomery Consulting Engineers, Pasadena CA 
Heidi Schultz - Eastern Research Group, Arlington, MA 



Extensive review comments were also provided by the Inter-Agency Workgroup on Small Wastewater Systems, 
whose active membership is: 

Denis Lussier 
U.S. EPA 
Cincinnati, OH 

Chuck Pycha 
U.S. EPA 
Chicago, IL 

Brian Yim 
U. S. EPA 
Seattle, WA 

Rao Surampalli 
U.S. EPA 
Kansas City, KS 

Gary Morgan 
Farmers Home Administration (FmHA) 
Washington, DC 20250 

David Kirkman 
Department Of Housing and Urban Development (HUD) 
Washington, DC 

Curtis Townsend 
National Park Service (NPS) 
Lakewood, CO 

Sam Gaddipati 
Tennessee Dept. Of Health and Environment 
Nashville, TN 

Gordon lnnes 
California State Water Resources Control Board 
Sacramento, CA 

Randy Orr 
NY State Dept. of Environmental Conservation 
Albany, NY 

George Keller 
Maryland Department of The Environment 
Baltimore, MD 

Fred Reiff 
Pan American Health Organization 
Washington, DC 

Rick Barror 
US Public Health Service (IHS) 
Rockville, MD 

Albert Wright 
The World Bank 
Washington, DC 

Alex Campbell 
Ontario Ministry of the Environment 
Toronto, Ontario, Canada 

Randy Clarkson 
Missouri Department of Natural Resources 
Jefferson City, MO 

Bhupendra Vora 
Florida Department of Environmental Regulation 
Tallahassee, FL 

Margaret Klepic 
Ohio EPA 
Columbus, OH 

xi 


	Contents
	Chap 1. OVERVIEW OF ALTERNATIVE CONVEYANCE SYSTEMS
	Chap 2. PRESSURE SEWER SYSTEMS
	Chap 3. VACUUM SEWER SYSTEMS
	Chap 4. SMALL DIAMETER GRAVITY SEWERS
	Chap 5. DESIGN EXAMPLES

